Hypertension and prehypertension can increase the risk of developing cardiovascular disease (CVD) and diabetes. However, whether the harmful effects of high blood pressure (BP) are also seen with high normotension remains unknown. This 10-year longitudinal follow-up study aimed to investigate the relationships among normal-range BP, metabolic syndrome (MetS), and CVD.
Introduction
The high prevalence of cardiovascular disease (CVD) has created a serious health burden in the world today. The results of several large cohorts, including the Framingham Heart Study, demonstrated that hypertension is an independent risk factor of future CVD. [1] Additionally, hypertension is known to be associated with not only insulin resistance but also type 2 diabetes mellitus. [2, 3] Moreover, strong evidence has manifested that subjects with prehypertension are still at higher risk for CVD and type 2 diabetes mellitus. [4] [5] [6] [7] [8] [9] [10] However, whether the harmful effects of high blood pressure (BP) extend to high normotension (systolic BP [SBP] <120 mmHg and diastolic BP [DBP] <80 mmHg) [11] remains unknown, and is of clinical interest. The term "metabolic syndrome" (MetS), defined as the cluster of central obesity, hypertension, glucose intolerance, and dyslipidemia, was first proposed by the World Health Organization (WHO) in 1998. [12] Evidence has shown that MetS is associated with insulin resistance and the future development of CVD. [13] In adults, the estimated prevalence of MetS is 23.7% in the United States and 15.7% in Taiwan. [14, 15] One systematic review and meta-analysis study concluded that lowering SBP to normotensive range should be routinely considered for the prevention of CVD among those deemed to be of sufficient absolute risk. [16] It is noteworthy that individuals at baseline had a history of major diseases, such as coronary heart disease, stroke, diabetes, heart failure, and chronic kidney disease. Our group previously conducted several cross-sectional studies for nonmedicated healthy adult and elderly individuals, and reported that subjects with higher normotensive SBP have higher chances of having MetS. [17] [18] [19] However, determining what is the suitable BP range is a difficult question for elderly individuals with SBP and DBP at the high end of the normal range. All of the previous studies had no definite cutoff value for the SBP, which makes their utility value in clinical practice low. Furthermore, we did not evaluate DBP and a combined SBP and DBP analysis, which is an important limitation of the previous studies, as it is believed that both SBP and DBP influence subjects' health. Nevertheless, there is less focus on DBP in the current literature. To further investigate this unknown area, it is important to understand how different ranges of normotension impact MetS and CVD.
This 10-year longitudinal follow-up study aimed to investigate the relationship between different baseline levels of BP within the normal range and the future development of MetS or nonfatal CVD.
Methods

Study participants
This study enrolled subjects aged 60 years or older in a standard health examination program at Tri-Service General Hospital (TSGH), Cardinal Tien Hospital (CTH), and the MJ Health Management Institution from January 1999 to December 2015. TSGH is a north Taiwan medical center. CTH is a north Taiwan district hospital. MJ Health Management Institution is a large health screening center in Taiwan and has provided health screening services for over 1 million persons. Written informed consent was obtained from all participants, and the study protocol was approved by the institutional review board of the institutions. Data were recorded in anonymous form and information related to the identification of individuals was removed.
A total of 19,565 subjects had visits arranged on an annual basis and were followed up for 10 years from the day of entry to observe whether they developed MetS or nonfatal CVD during this period. Questionnaires were used to capture data regarding diabetes, antidiabetic therapy (diet, oral, or insulin medication), use of antihypertensive, lipid-lowering, or antithrombotic drugs, stroke (ischemic or hemorrhagic), or cardiac event (defined as unstable angina or angina pectoris, myocardial infarction, procedures such as percutaneous transluminal coronary angioplasty or bypass surgery) annually. Nonfatal CVD outcome measures included the combination of nonfatal stroke and nonfatal cardiac events. Lifestyle was evaluated by the strength intensity of work type, frequency and intensity of participation in sports, level of alcohol consumption, and smoking status. All the variables were semiquantitative by 5 scales (from none to heaviest). At baseline, those with a history of major medical diseases, and those receiving medications for hypertension, diabetes, hyperlipidemia, or other medications known to affect blood glucose, lipids, or BP, were excluded. We also excluded subjects taking any medication that could affect the components of MetS. This was to observe the real association between BP and other related physiological and pathological effects. In other words, we included subjects with newly diagnosed MetS and other relative healthy elderly participants without MetS. The observations were conducted at baseline and subjects with MetS at baseline were excluded during the follow-up observation. In the follow-up period, we included subjects who were taking medications for hypertension, diabetes, and dyslipidemia. All the patients were asked to receive annual health check-ups throughout the follow-up period. However, some patients were lost to follow-up without a second visit, and we excluded those subjects. During the follow-up period, the aforementioned examinations, including questionnaires, physical examinations, and blood tests, were performed.
We excluded subjects as follows:
1. 473 subjects with missing data regarding components of MetS at baseline. 2. 4558 subjects with a history of hypertension, diabetes, or hyperlipidemia, or taking medications for these diseases at baseline. 3. 2361 subjects with other related comorbidities such as minor cardiovascular events (stable or unstable angina or minor stroke) at baseline. 4. 1894 subjects with BP ≥120/80 mmHg or 90/50 mmHg at baseline. 5. 1146 subjects with visits occurring less than twice during the 10-year follow-up period.
This resulted in a total of 9133 subjects who were eligible for analysis at baseline. To observe the relationships between BP and the MetS components, we analyzed the data separately according to SBP and DBP. We further divided the study subjects into 3 groups according to their BP measurements (10 mmHg ranges) as follows: the ranges of SBP groups 1, 2, and 3 were 91 to 100, 101 to 110, and 111 to 119 mmHg, whereas the DBP ranges of group 1, 2, and 3 were 51 to 60, 61 to 70, and 71 to 79 mmHg, respectively. In the follow-up analysis, 2189 subjects with MetS at baseline were excluded. We excluded subjects with MetS, but not subjects with any abnormal MetS components. The number of subjects enrolled in follow-up analysis was 9133 minus 2189, and equals 6944. The development of future MetS and nonfatal CVD among the 3 groups was assessed.
Anthropometric and laboratory data
Participants visited the clinic at 8 AM after at least a 10-hour fast. Information about medical history, lifestyle, alcohol intake, smoking, and physical exercise was obtained through an interview with a well-trained senior nursing-staff member, and was recorded in a questionnaire. Complete physical examinations were conducted. All participants were measured wearing Chen et al. Medicine (2017) 96: 25 Medicine light clothing and no shoes. Body mass index (BMI) was calculated as the weight (kiligrams) divided by the square of the height (meters) (kiligram per square meters). Waist circumference (WC) (centimeters) was measured in a horizontal plane at a level midway between the inferior margin of the last rib and the crest of the ilium. The nursing staff used mercury sphygmomanometers to measure SBP and DBP, with suitably sized cuffs on the right arms of the participants. All participants were seated after at least 5 minutes of rest and measurements were repeated twice >1-minute apart. The average value was recorded and included in the analysis. The measurements of BP conformed to the recommendations of the American Heart Association. [20] After a 10-hour overnight fast, blood samples were collected from each participant and plasma samples were separated within 1 hour and stored at À70°C. Fasting plasma glucose (FPG) and lipid concentrations were evaluated. FPG was measured by using glucose oxidase method (YSI 203 glucose analyzer, Scientific Division, Yellow Spring Instruments, Yellow Spring, OH). The dry, multilayer analytical slide method in the Fuji Dri-Chem 3000 analyzer (Fuji Photo Film, Minato-Ku, Tokyo, Japan) was used to determine total cholesterol (TC) and triglycerides (TG) values. Serum high-density lipoprotein cholesterol (HDL-C) and lowdensity lipoprotein cholesterol (LDL-C) profiles were determined by using an enzymatic cholesterol assay, following dextran sulfate precipitation.
Definition and classification of BP level
The BP level classification in the present study was according to the recommendation of the seventh report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure. [11] The ranges of SBP/DBP for hypertension, prehypertension, normotension, and high normotensive are as follows: >140/90, 120 to 139/80 to 89, <120/80, and 111 to 119/71 to 79 mmHg, respectively. Only subjects with normotension at baseline were enrolled in the present study.
Definition of metabolic syndrome and nonfatal CVD
The participants were evaluated for MetS using the latest harmonized criteria in 2009. [21] MetS is clinically defined by the presence of ≥3 of the following: central obesity (WC ≥90 cm in men, ≥80 cm in women, for Asians), elevated TG values (≥150 mg/dL), reduced HDL-C values (<40 mg/dL for men, <50 mg/dL for women), elevated BP (SBP ≥130 mmHg or DBP ≥85 mmHg), and elevated FPG concentration (≥100 mg/dL).
The outcome of nonfatal CVD in the present study was defined as a group of disorders of the heart and blood vessels, based on the definition provided by the WHO: coronary heart disease, cerebrovascular disease, peripheral arterial disease, deep vein thrombosis, and pulmonary embolism. [22] 2.5. Statistical analysis All statistical analyses were performed using SPSS version 24.0 (IBM, Somers, NY). All data were tested for normal distribution using the Kolmogorov-Smirnov test and for homogeneity of variances using Levene test. Continuous variables were expressed as means ± standard deviation. One-way analysis of variance test was used to evaluate the differences between the 3 groups. The Bonferroni test was applied for post hoc comparisons. Multivariate logistic regression analysis was carried out to calculate the odds ratios (OR) for an increased risk of having MetS and each abnormal MetS component among the 3 groups at baseline. The association of the different BP groups with the development of future MetS and nonfatal CVD was determined using Cox proportional hazard regression. Kaplan-Meier analysis with a log-rank test was applied to determine event-free probabilities. All statistical tests were 2-sided and a value of P < .05 was considered to be statistically significant.
Results
The clinical characteristics of the study participants are shown in Table 1 . Among the 3 SBP groups, subjects with SBP3 were older and had higher levels of BMI, WC, SBP, DBP, TC, and TG in both sexes. FPG and LDL-C were higher in SBP3 only in female participants. Although there was a trend toward lower HDL-C levels in females, it did not reach statistical significance. Similarly, age, BMI, WC, SBP, DBP, and TG were all higher in the DBP3 group in both sexes. Also in the DBP3 group, TC and LDL-C were higher only in males, whereas HDL-C was lower only in females. Interestingly, FPG was lower in this group with statistical significance in males and a trend in females.
In multivariate logistic regression analysis at baseline (Table 2) , both sexes in the SBP3 group had a greater risk of having MetS or abnormal MetS components, except for TG. Males with DBP3 had a greater risk of abnormal WC and HDL-C, and females had a greater risk of abnormal WC, HDL-C, TG, and MetS. During the follow-up period (Table 3) , only males in the SBP3 group had a statistically significant hazard ratio (HR) for developing MetS (1.882, 95% confidence interval [CI] 1.123-3.156). Males in the DBP3 group and females in the DBP2 and DBP3 groups had a significant HR for predicting MetS. Neither the SBP3 nor DBP3 groups had a statistically significant HR for developing future nonfatal CVD.
Finally, in the Kaplan-Meier plot (Fig. 1) , for both sexes, SBP and DBP measurements were statistically significant predictors of MetS, but not of nonfatal CVD. Both sexes in the SBP3 group had a lower rate of event-free probability for MetS (P = .019 and .001 in males and females, respectively). Both sexes in the DBP1 group had a higher rate of event-free probability for MetS (P = .001 and .002 in males and females, respectively).
Discussion
Higher normotension involving either SBP or DBP is associated with a higher risk of developing future MetS, but not CVD, in both sexes. The present study raises some interesting questions about the role of BP, even when it is still within its normal range. In addition, a lower threshold for developing future MetS was noted in females, which suggests the possibility of different sexrelated BP control levels in the elderly.
The association between central obesity and an increased risk of prehypertension in Chinese, whites, blacks, and Hispanics is well documented. [23, 24] Moreover, the positive relationship between SBP and adiposity has been clearly demonstrated in many different studies. [25] Tsai et al [26] found that, among 1186 female Taiwanese participants, 37.4% of prehypertensives were obese compared with 21.4% of normotensives. Other studies found similar results in 4400 Israeli and 7637 Chinese women. [6, 24] The present results were consistent with those of these studies, showing that the effect of BMI and WC on BP is strong and could be extended downward when BP is in the normal range. Higher BP is associated with a higher risk of developing type 2 diabetes mellitus. This phenomenon is seen not only in patients with hypertension, but also in subjects with prehypertension. [27] The underlying pathogenesis of insulin resistance in hypertensive patients is postulated to be related to increased renal tubular sodium reabsorption, increased sympathetic nervous system activity, and increased arterial wall smooth muscle reactivity. [28] Although the present study found that a high-normal SBP was associated with a risk of higher FPG, this relationship was not highly correlated with DBP and FPG. The pathophysiology of age-associated increases in arterial stiffness causes SBP to increase and DBP to decrease. [29] This lowering of DBP in the elderly may Table 1 Clinical characteristics of the study subjects at baseline in males and females classified according to blood pressure. Data are shown as mean ± standard deviation. BMI = body mass index, DBP = diastolic blood pressure, FPG = fasting plasma glucose, HDL-C = high-density lipoprotein cholesterol, LDL-C = low-density lipoprotein cholesterol, N = number, SBP = systolic blood pressure, TC = total cholesterol, TG = triglycerides, WC = waist circumference. * P < .05 against DBP1. † P < .05 against DBP2.
Chen et al. Medicine (2017) 96: 25 Medicine Table 2 Odds ratios for having metabolic syndrome and each abnormal component in males and females in relation to blood pressure groups at baseline. BP = combined systolic and diastolic blood pressure subgroups, DBP = diastolic blood pressure, FPG = fasting plasma glucose, HDL-C = high-density lipoprotein-cholesterol, OR = odds ratio, Ref = reference, SBP = systolic blood pressure, TG = triglycerides, WC = waist circumference. Odds ratio was adjusted for age, body mass index, and life style including work, sports, alcohol consumption, and smoking. Table 3 Hazard ratios for predicting metabolic syndrome and nonfatal cardiovascular disease in males and females at follow-up. BP = combined systolic and diastolic blood pressure subgroups, DBP = diastolic blood pressure, HR = hazard ratio, SBP = systolic blood pressure. Hazard ratio was adjusted for age, body mass index, and life style including work, sports, alcohol consumption, and smoking.
Chen et al. Medicine (2017) 96: 25 Medicine be the reason why the association between DBP and FPG was diminished. Dyslipidemia, either elevation of LDL-C and TG or a decrease in HDL-C, also plays a major role in the development of MetS, CVD, and diabetes. Most of the available data indicate that the HDL-C level is either lower or no different in subjects with prehypertension, compared to those with normotension. [4, 6, 7, 24, 26, [30] [31] [32] In contrast to HDL-C, a higher level of LDL-C starts to emerge in subjects with prehypertension, as was demonstrated in many studies. [4, 6, 24, 26, 31] In the present study, we discovered that HDL-C was associated with SBP3 and DBP3 in both sexes, but only with SBP2 and DBP2 in females, during the follow-up period. This finding indicated that HDL-C might have more impact on females than males.
The results of the present study were consistent with our previous studies. Our previous cross-sectional studies showed that normotensive adult and elderly participants with the highest SBP tertile had higher chances of having MetS than those with the lowest tertile. In the present study, subjects with higher normotensive BP still have higher chances of having MetS at baseline. Moreover, we added information regarding the same findings for DBP and combined SBP/DBP analysis. The SBP and DBP ranges were determined for easier clinical application from the study results. In summary, high normotensive BP still indicates a higher risk of having future MetS, but not CVD. Control of BP to <110/70 mmHg in males and 100/60 mmHg in females seems to be protective against the development of future MetS. However, the risk of developing future nonfatal CVD among 3 groups of either normotensive SBP or DBP was not observed. This may imply that the goal of BP control in the normotensive range is appropriate. Nonetheless, the study design used was collecting questionnaires data from 2 academic hospitals and 1 health screening center, which will create some bias. If fatal CVD develops or serious sequelae deriving from CVD present, these subjects will be less likely to be observed during follow-up. On the contrary, this is the first study demonstrating that normotensive subjects do not have an increased risk of future nonfatal CVD. However, more studies are still needed and further investigation is required to validate the present results. The major strength of the present study is that it was a longitudinal study to further explore the role of BP in the development of future MetS or CVD in the elderly. In addition, we examined the effect of sex on the risk of MetS components and its development. Furthermore, we used stringent exclusion criteria, reducing the confounding effects of medications to make our results more robust. This kind of design has not been used in most similar studies, which have included subjects who Chen et al. Medicine (2017) 96: 25 Medicine were taking medications that are known to affect blood glucose, lipids, or BP. However, our study still had some limitations. First, the followup period of this study was up to 10 years. A longer follow-up might have enhanced the clinical value of this observational study, by demonstrating the harmful end-organ effects of BP more clearly, as well as the progression to CVD. In addition, not all of the study participants had regular annual health checkups. Second, we did not have available data on all-cause mortality, which might have influenced the interpretation of the results. Third, part of the questionnaires data was obtained from one health screening center, which may affect the results of the study. If a fatal CVD or major sequelae was to develop, these subjects will have had a higher chance of being lost to follow-up. Finally, the present study only included normotensive study participants. The findings will have limited generalizability owing to a focus on a particular region.
Conclusions
High normotensive elderly individuals have a higher risk of developing MetS at baseline and within 10 years of follow-up, but they are not at increased risk of CVD. Based on these findings, we believe that preventive interventions, such as lifestyle modification, should be offered early even to the apparently healthy elderly.
